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REMARKS 

L PRELIMINARY REMARKS 

Claims 1, 9-11, 18, 25, 32, 36-43, 51-53, 60, 67, 74, 78-85 and 93-106 are 
pending in the application. Claims 85, 95-97, 103, and 106 have been amended. 

The rejections to the claims are set out below in the order presented in the 
non final Office Action. 

II. THE OUTSTANDING REJECTIONS 

Claim 103 is objected to for a typographical error. 

Claims 85 and 93-104 stand rejected under 35 U.S.C. § 1 12, second 
paragraph, as being indefinite. 

Claims 1, 9-11, 18, 24 (sic 25?), 43, 51-53, 58-60 (sic 60?), 67, 73 (sic 74?), 
85 and 93-97 stand rejected under 35 U.S.C. §102(e) as being anticipated by Bhaskaran et al. , 
U.S. Publication No. 2003/0207942 ("Bhaskaran"). Claims 1, 9, 10, 43, 51, 52, 85, 93, 94, 
105, and 106 stand rejected under 35 U.S.C. §1 02(b) as being anticipated by 
Balasubramanyam et aL , U.S. Patent No. 6,160,172 ("Balasubramanyam"). 

Claims 1, 9-11, 18, 25, 32, 36-43, 51-53, 60, 67, 74, 78-85 and 93-106 stand 
rejected under 35 U.S.C. § 103(a) as being unpatentable over Raju, International Publication 
No. WO99/03464 ("Raju") in view of one or more of Policappelli , U.S. Patent No. 5,612,039 
("Policappelli"); Allen , U.S. Patent No. 5,480,657 ("Allen"); Alviar et aL , U.S. Patent No. 
6,413,545 ("Alviar"); and Balasubramanyam . 

Claims 85 and 94-106 stand provisionally rejected for nonstatutory 
obviousness-type double patenting over copending Application No. 09/463,024. 

III. PATENTABILITY ARGUMENTS 

A. The Objection and Rejection under 35 U.S.C. §112, second paragraph, 
Should be Withdrawn. 

The objection to claim 103 should be withdrawn in light of the amendment 
thereto correcting the typographical error. The rejection of claims 85 and 94-104 under 35 
U.S.C. §112, second paragraph, should be withdrawn. Claim 85 has been amended to clarify 
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the invention to recite a dual salt. Claims 95-97 have been amended recite features of the 
claimed composition. 

B. The Rejections over Bhaskaran and Balasubramanyam under 35 U.S.C. 
§§102(e) and 102(b) Should be Withdrawn. 

The anticipation rejections over Bhaskaran and B al asubraman yam should be 
withdrawn because decreased ghrelin levels cannot be considered inherent in all compounds 
that are associated with weight reduction. Indeed, the references attached and discussed 
below show that obesity is associated with high and low levels of ghrelin. Therefore, 
decreased ghrelin levels cannot be considered inherent in all compounds that are associated 
with weight reduction. Thus, while both references teach administration of HCA to 
overweight subjects, 1) most overweight subjects have low ghrelin levels (and would not 
appear to be in any need of reducing their ghrelin levels) and 2) many subjects with high 
ghrelin levels are not overweight. Furthermore, the Examiner has impermissibly used the 
Applicant's specification in his inherency argument. 

There is nothing in the prior art that discloses that decreased ghrelin levels are 
necessarily associated with weight loss. The action used the specification to make the 
inherency argument: 

The Specification discloses that increased ghrelin levels 
increase food intake in rodents and humans and that ghrelin 
levels rise sharply shortly before and fall shortly after every 
meal in obese subjects. The Specification further discloses the 
present invention provides a method and composition (i.e., 
hydroxycitric acid) that reduces ghrelin levels to decrease and 
regulate food intake, increase fat metabolism and provide other 
additional benefits associated with maintaining healthy body 
weight. 

Action at p. 12. 

The prior art discloses that HCA can be administered to aid weight reduction. 
However, there is nothing in the prior art that teaches that HCA decreases ghrelin levels. 

1. Most (but not all) Overweight Subjects Have Low Ghrelin Levels 
and it is Unexpected that HCA Administration Would Lower 
Ghrelin Levels. 

In general, overweight individuals are surprisingly characterized by low 
ghrelin levels compared to normal weight individuals and underweight individuals, such as 
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those suffering from anorexia nervosa, who have high plasma ghrelin levels. Ghrelin, 
http://arblxvmbsxolostate.edu/hboods/pathphys/endocrin/gi/ghrelin.html (Attached hereto as 
Exhibit A). Thus, to the extent that Bhaskaran and Balasubramanyam teach administration of 
HCA to overweight subjects, it would not be expected that HCA would lower ghrelin levels. 

Moreover, not all (or even most) overweight subjects have high ghrelin levels 
and it is not clear from the prior art that all overweight subjects need their ghrelin levels 
reduced. While many overweight subjects have low ghrelin levels (e.g., subjects suffering 
from nonalcoholic fatty liver disease tend to be overweight but have low ghrelin levels. See 
Marchesini et al. , J. Clinical Endocrinology and Metabolism, vol. 88, No. 12, 5674-5679 
(2003) (Attached hereto as Exhibit B)), others such as those suffering from Prader-Willi 
syndrome have plasma ghrelin levels that are " exceptionally high in comparison to patients 
similarly obese." (Exhibit A). The Action states that ghrelin is a "target for development of 
anti-obesity treatments." Action at p. 12. However, there is nothing in the prior art disclosing 
that administration of HCA would lower ghrelin levels. 

It is therefore unclear, prior to the disclosure of the present application, 
whether administration of HCA to overweight subjects would have had any affect on ghrelin 
levels. Moreover, there is no evidence that administration of HCA to overweight subjects in 
the prior art might not have invariably decreased ghrelin levels because the ghrelin levels 
might not be high and such invariability is necessary for inherent anticipation. 1 Nevertheless, 
and in it absence, the rejections under 35 U.S.C. §102 must be withdrawn. 

C. The Rejection under 35 U.S.C. §1 03(a) Should be Withdrawn beeause 

there is no teaching in the art that administration of HCA would reduce 
ghrelin levels. 

The rejection under 35 U.S.C. § 103(a) over Raju in view of one or more of 
Policappelli , Allen , Alyiar, and Balasubramanyam should be withdrawn because the claims 
are directed to methods for decreasing ghrelin levels in subjects in need thereof by 
administering sufficient amounts of hydroxycitric acid (HCA) and there is no teaching in the 
art that administration of HCA would reduce ghrelin levels. 

1 Inherency may not be established by probabilities or possibilities. It is necessary for inherency that the 
missing subject matter " is necessarily present in the thing described in the reference . . .it may not be established 
by probabilities or possibilities. . . The mere fact that a certain result may result from a given set of 
circumstances is not sufficient." MPEP 2163.07(a) In re Robertson, 49 USPQ 2d 1949, 1950-51 (Fed. Cir. 
1999) 
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Each of Raju, Policappelli, Alviar , and Balasubramanyam teach that HCA 
promotes weight loss and Allen teaches that niacin-bound chromium promotes weight loss 
but none of these references teach that HCA (or chromium for that matter) decrease ghrelin 
levels. 

There are many biological pathways for weight loss agents, and prior to the 
disclosure of the present application, it could not be predicted under which pathway HCA 
would operate. Biological activities relating to weight loss include (1) catecholamine 
modulators, (2) norepinephrine, dopamine and serotonin reuptake inhibitors, (3) lipase 
inhibitors, (4) dual serotonin reuptake inhibitors and serotonin releasing agents, (5) 
aminoketone class antidepressants, (6) activators of ATP-dependent K + channels, (7) anti- 
hyperglycemics, (8) GABA enhancer and sodium channel blockers, (9) serotonin and 
dopamine releasers, (10) histamine-3 antagonists, (11) cannabinoid (CB1) receptor 
antagonists, (12) alpha adrenergic receptor agonists, (13) melanocortin-4 receptor agonists, 
(14) neuropeptide Y antagonists, (14) beta(3)-adrenergic agonists, (15) glucagon-like 
peptide-1 agonists, (16) PPAR-gamma antagonists and PPAR-gamma partial antagonists, 
(17) urocortin agonists, (18) CCK agonists, (19) UCP activating agents, (20) prolactin 
modulators, (21) growth-hormone secratagogues, (22) ciliary neurotropic factors, (23) 
antihistamines, (23) 5-HT 2 c agonists, (24) 5-HT 2 a agonists, (25) dopamine agonists, (26) 
adipocyte complement-related protein (Acrp30) modulators, (27) cannabinoid antagonists, 
(28) tyrosine phosphatase modulators, (29) 1 lbeta hydroxysteroid dehydroxysteroid 
dehydrogenase type 1 modulators, (30) cyclic AMO response element-binding protein 
modulators, (31) diacylglycerol o-acyltransferase modulators, (32) fatty acid transport protein 
4 modulators, (33) G protein beta-3 subunit 825T modulators, (34) high mobility group 1C 
modulators, (35) Kallikrein modulators, (36) melanin-concentrating hormone receptor 
modulators, (37) perilipin modulators, (38) Tub gene modulators, (39) anticonvulsants, (40) 
leptin receptor modulators, (41) metabolic accelerators, (42) adipogenesid modulating agents, 
(43) HK-a receptor antagonists, (44) PPAR-gamma antagonists, (45) PPAR-alpha agonists 
and (46) leptin agonists. Briggs et aL , US 2004/0204472. 

In the absence of some teaching (which has yet to be cited to) it becomes clear 
that the identification of HCA as a regulator of ghrelin levels is made only in hindsight based 
on Applicants' own disclosure. There is no evidence that decreased ghrelin activity would 
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have been predicted for HCA from an examination of the art prior to Applicants' invention. 
Accordingly, the rejection should be withdrawn. 

D. The Rejection for Obviousness-Type Double Patenting Should be Held in 
Abeyance. 



patenting over copending Application No. 09/463,024 should be held in abeyance pending 
the determination of patentability of one or the other application. 

IV. CONCLUSION 



in condition for allowance. Should the Examiner wish to discuss any issues of form or 
substance in order to expedite allowance of the pending application, she is invited to contact 
the undersigned at the number indicated below. 



The provisional rejection of claims 85-104 for obviousness-type double 



In view of the above amendment, applicant believes the pending application is 



Dated: September 4, 2008 



Respectfully submitted, 




Registration No.: 31,879 
MARSHALL, GERSTEIN & BORUN LLP 
233 S. Wacker Drive, Suite 6300 
Sears Tower 

Chicago, Illinois 60606-6357 
(312) 474-6300 
Attorney for Applicant 
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Structure of Ghrelin and Its Receptor 

Ghrelin is synthesized as a preprohormone, then proteolytically processed to yield a 28- 
amino acid peptide. An interesting and unique modification is imposed on the hormone 
during synthesis in the form of an n-octanoic acid bound to one of its amino acids; this 
modification is necessary for biologic activity. 

Synthesis of ghrelin occurs predominantly in epithelial cells lining the fundus of the 
stomach, with smaller amounts produced in the placenta, kidney, pituitary and 
hypothalamus. 

The ghrelin receptor was known well before ghrelin was discovered. Cells within the 
anterio r pituitary bear a receptor that, when activated, potently stimulates secretion of 
growth hormone - that receptor was named the growth hormone secretagoue receptor 
(GHS-R). The natural ligand for the GHS-R was announced in 1999 as ghrelin, and ghrelin 
was named for its ability to provoke growth hormone secretion {the suffix ghre means 
"grow"). 

Ghrelin receptors are present on the cells in the pituitary that secrete growth hormone, and 
also have been identified in the hypothalamus, heart and adipose tissue. 

Control and Physiologic Effects of Ghrelin 

At least two major biologic activites have been ascribed to ghrelin: 

• Stimulation of growth hormone secretion: Ghrelin, as the ligand for the growth 
hormone secretagogue receptor, potently stimulates secretion of growth hormone. 
The ghrelin signal is integrated with that of growth hormone releasing hormone and 
somatostatin to control the timing and magnitude of growth hormone secretion . 

• Regulation of energy balance: In both rodents and humans, ghrelin functions to 
increase hunger though its action on hypothalamic feeding centers. This makes 
sense relative to increasing plasma ghrelin concentrations observed during fasting 
(see below). Additionally, humans injected with ghrelin reported sensations of 
intense hunger. Ghrelin also appears to suppress fat utilization in adipose tissue, 
which is somewhat paradoxical considering that growth hormone has the opposite 
effect. Overall, ghrelin seems to be one of several hormonal signals that 
communicates the state of energy balance in the body to the brain. 

Other effects of ghrelin include stimulating gastric emptying and having a variety of positive 
effects on cardiovascular function (e.g. increased cardiac output). It is not totally clear 
whether the cardiovascular effects are a direct effect of ghrelin or represent an indirect 
effect of ghrelin's ability to stimulate growth hormone secretion. 
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Glossary 

EXHIBIT A 



Blood concentrations of ghrelin are 
lowest shortly after consumption of a 
meal, then rise during the fast just 
prior to the next meal. The figure to 

http://arblxvmbsxo]ostate.e^ 8/15/2007 
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the right shows this pattern based on 
assays of plasma ghrelin in 10 
humans during the course of a day. 




800 



Given the effects of ghrelin on energy metabolism and hunger, it is a prominent target for 
development of anti-obesity treatments. It has been reported that immunization of rats 
against ghrelin resulted in decreased weight gain and adiposity relative control rats, even 
though both groups consumed an equivalent amount of food. This intriguing experiment 
suggests the possibility of a vaccine against obesity. 

Disease States 

Ghrelin concentrations in blood are reduced in obese humans compared to lean control 
subjects, but whether this is cause or effect is not defined. Patients with anorexia nervosa 
have higher than normal plasma ghrelin levels, which decrease if weight gain occurs. 

Prader-Willi syndrome is another disorder relevant to ghrelin science. Affected patients 
develop extreme obesity associated with uncontrollable and voracious appetite. The 
plasma ghrelin levels are exceptionally high in comparison to patients similarly obese due 
to other causes. Prader-Willi syndrome is clearly a complex disease with many defects; it 
may be that excessive ghrelin production contributes to the appetite and obesity 
components. 
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Several physiological and pathophysiological conditions, including 
changes in body fat, food intake, and insulin resistance, are known to 
be associated with variations in plasma ghrelin concentrations. We 
tested the hypothesis that insulin resistance exerts a primary role by 
measuring ghrelin in 86 patients with nonalcoholic fatty liver disease 
(NAFLD), a condition in which insulin resistance is relatively independent of obesity. Compared 
with 40 matched healthy subjects, patients with NAFLD had similar glucose levels and higher 
plasma insulin and insulin resistance [homeostasis model assessment (HOMA)-R index] by over 
60%. Ghrelin was reduced (mean ± so, 226 ± 72 pmol/liter in NAFLD vs. 303 ± 123 in controls; 
P < 0.0001). In relation to quartiles of body mass index, ghrelin progressively decreased in 
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controls (P = 0.003), but not in patients (P = 0.926). In relation to quartiles of HOMA-R, ghrelin 
decreased in both groups, and significantly correlated with HOMA-R. After adjustment for age 
and sex, HOMA-R was the sole factor significantly associated with low ghrelin in the whole 
group (odds ratio, 5.79; 95% confidence interval, 2.62-12.81; P< 0.0001) and specifically in 
NAFLD (2.96; 1 .12-7.79; P = 0.028). The study suggests that insulin resistance is a major factor 
controlling ghrelin levels in subjects with and without NAFLD. 

► Introduction 



GHRELIN IS A novel peptide involved in food intake and energy 
balance. Animal models have shown that ghrelin promotes energy 
sparing, finally leading to increased body weight. When injected in 
both humans and animals, ghrelin stimulates hunger (1), thus 
increasing food intake. In relation to these orexigenic properties, 
ghrelin has been extensively investigated as a possible cause of obesity. Surprisingly, the 
circulating levels of ghrelin are low in obese subjects when compared with normal controls (2), 
and increase sharply after weight loss (3). By contrast, ghrelin levels are elevated in 
constitutionally thin subjects with low body mass index (BMI) (4), The relative roles of either 
total body fat or associated metabolic conditions in regulating ghrelin concentrations have never 
been clarified. Increased body fat is generally associated with hyperinsulinemia and insulin 
resistance, and a correlation was reported between insulin levels or quantitative measures of 
insulin resistance and ghrelin concentrations in normal (5) and pathological conditions (6). 

Nonalcoholic fatty liver disease (NAFLD) is a complex metabolic condition in which both 
lifestyle and genetic factors have a pathogenic role (7). It has been convincingly associated with 
the metabolic insulin resistance syndrome; most patients are overweight or frankly obese, with 
altered glucose regulation, dyslipidemia, and raised blood pressure, all contributing to the 
disorder (8). However, large studies have shown that approximately 10-20% of patients are lean 
and have normal glucose regulation, but are nonetheless insulin resistant when tested by the 
homeostasis model assessment (HOMA) method (9) or by the euglycemic clamp technique (10). 

In the present study, we measured fasting ghrelin concentration in a large series of NAFLD 
patients with different phenotypes to test the relative importance of body fat, glucose regulation, 
hyperinsulinemia, and insulin resistance in ghrelin levels. 

► Patients and Methods 

Patients 



Eighty-six NAFLD patients (79 males) (median age, 38 yr; range, 19- 
74 yr) and 40 control subjects (32 males) (median age, 43 yr; range, 
28-77 yr) were included in the study. Their clinical and laboratory 
variables are presented in Tables island 2®. In NAFLD cases, the 
diagnosis was based on chronic hypertransaminasemia (alanine transaminases (ALT) of >L5 
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times the upper normal values for 3 months or more), negative hepatitis B and C viral markers, 
absence of autoantibodies indicative of autoimmune hepatitis or celiac disease, negative or 
negligible alcohol consumption (<140 g/wk), and bright liver at ultrasound scanning. The 
diagnosis was confirmed by liver biopsy in 62 cases. According to the criteria proposed by Brunt 
et ah (11), 46 cases were classified as nonalcoholic steatohepatitis (NASH), and 16 were 
classified as pure fatty liver. Control subjects were free of hepatic and endocrine diseases. They 
were selected in a BMI range similar to that of NAFLD cases. Previously diagnosed diabetes 
mellitus [American Diabetes Association classification (12)] was an exclusion criterion for both 
NAFLD patients and control subjects. In 54 NAFLD patients and 28 controls, an oral glucose 
tolerance test (OGTT) was also performed for a complete evaluation of glucose tolerance. 

View this table: TABLE 1. Phenotypic data of NAFLD patients and control subjects 
[in this window] 
[in a new wjndowl 



View this table: TABLE 2. Biochemical and clinical data of NAFLD and control 
[in this window] subjects (mean ± sd) 
[in a n ew window] 

All patients were regularly followed as outpatients and were on a controlled dietary regimen, 
comprising 25 kcal/kg body weight per day at the time of study. Blood samples for ghrelin 
concentrations were collected between 0800 and 0900 h, after an overnight fast. Plasma was 
immediately separated and stored at -80 C until analysis. 

The purpose of the study was explained to all subjects, who gave their informed consent to blood 
sampling for ghrelin measurement. All other investigations were carried out during regular 
follow-up of NAFLD patients, according to specific protocols. The study was approved by the 
senior staff committees of the two university hospitals, institutional review boards regulating 
noninterventional studies. 

Methods 

Anthropometry. Body weight was measured in light clothing and without shoes to the nearest 
half kilogram. Height was measured to the nearest half-centimeter. BMI was calculated as 
weight (kilograms) divided by height squared (square meters). Subjects with BMI between 25 
and 30 kg/m 2 and greater than or equal to 30 kg/m 2 were considered overweight and obese, 
respectively. Waist circumference was measured at the nearest half-centimeter at the shortest 
point below the lower rib margin and the iliac crest, whereas hip circumference was similarly 
obtained at the widest point between hip and buttock. Body fat distribution was also evaluated 
by waist-to-hip ratio (WHR) according to World Health Organization (13). 

Biochemical and hormonal measurements. Plasma immunoreactive ghrelin levels were 
measured in duplicate using a commercially available RIA (Phoenix Pharmaceuticals, Inc., 
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Mountain View. CA) that uses 125 Llabeled bioactive ghrelin as a tracer and a rabbit polyclonal 
antibody raised against the Oterminal part of human ghrelin (6). Intraassay and interassay 
coefficients of variation were less than 5.3 and 13.6%, respectively. This assay recognizes both 
acylated and deacylated ghrelin (2). The antiserum does not cross-react with any relevant peptide 
as previously shown (2, 14). 

Plasma glucose was measured in duplicate with an automated analyzer. The coefficient of 
variation for any single determination was ±1.5%. Insulin was measured by an 
immunoenzymometric assay (AIA-PACK IRI, AIA-1200 system; Tosoh Co., Tokyo, Japan) 
with intraassay and interassay coefficients of variation for the quality control of less than 7%. 
Insulin resistance was calculated on the basis of fasting values of plasma glucose and insulin, 
according to the HOMA method (15) as follows: insulin resistance [HOMA-R (%)] = 
IRI 0 *BG 0 /22.5, where fasting insulin (IRI 0 ) is in microunits per milliliter, and glucose (BG Q ) is 

in millimoles per liter. 

In patients submitted to OGTT, two more indices of insulin sensitivity were derived from basal 
and postload glucose and insulin concentrations. The insulin sensitivity index (ISI) was 
calculated according to Matsuda and DeFronzo (16) as follows: 

ISI- 10,000 



V(BGo*IRIb) * (average BG 0 ~~i 20* average IRI 0 l20 )' 

whereas the sensitivity index (SI) proposed by Cederholm and Wibell (17) was calculated as 
follows: 

75,000 + (BG 0 - BG120) *Q.19*BW 



120* average BG a - 12 o* log(average IRI 0 „ i20 )' 

where average BGq_ 120 and average IRI 0 _ 120 represent the mean of individual values measured 

after glucose load. Body weight (BW) also enters the SI equation, with a correction factor for 
glucose space. Additional correction factors are needed to transform metric units into SI units. 

Fasting serum cholesterol, high-density lipoprotein (HDL) cholesterol, uric acid, and triglyceride 
levels were measured by routine laboratory techniques. 

Statistical analysis 

Data were processed on a personal computer and analyzed using StatView 5.0 (SAS Institute, 
Inc., Cary, NC). Patients were grouped according to categorical variables (sex, class of BMI, 
presence/absence of impaired glucose regulation, and hypertension). Ghrelin concentrations 
were tested for significance using unpaired / test (two-tail) or nonparametric analysis (Mann- 
Whitney E/test or Kruskal-Wallis test). Contingency test and Fisher's exact test were also used, 
whenever appropriate, to compare prevalence. 

Logistic regression analysis was used to determine factors more closely associated with low 
ghrelin concentrations. For this purpose, a ghrelin concentration below the median of the whole 
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group (235 pmol/liter) was considered as dependent variable, and the clinical and laboratory 
values of Tables 1® and 2® were tested in univariate analysis. After this, variables significantly 
associated with low ghrelin were tested for independency in multivariate logistic regression 
analysis, after correction for age and sex. Two different models were built to further adjust data 
for BMI and waist circumference, separately. 

All data in the text and in the tables are given as means ± sd, when not otherwise indicated. 
Values of P < 0.05 were considered statistically significant. 

► Results 

Anthropometric and clinical data 

Both controls and NAFLD patients were selected in a wide BMI range 
(controls, 19.2-35.2 kg/m 2 ; NAFLD, 20.9-37.9 kg/m 2 ), without 
differences in the distribution among BMI classes between groups. 
However, a larger waist circumference and a higher WHR, indicative 
of visceral adiposity, characterized NAFLD patients. 

At history, diabetes, hypertension, and dyslipidemia were not more prevalent in NAFLD, but at 
the time of study, arterial pressure was higher in NAFLD, whereas HDL-cholesterol 
concentrations were lower. NAFLD patients were also characterized by a different response to 
OGTT. In particular, the prevalence of impaired glucose tolerance was remarkably higher in 
NAFLD (22.2 vs. 3.6% in controls; P = 0.030, Fisher's exact test) without differences in the 
prevalence of OGTT-detected diabetes (9.3% in NAFLD vs. 7. 1 % in controls; P = 0.745). 

Fasting glucose was not different, but both insulin concentrations and HOMA-R were increased 
by over 60%. The 95% confidence interval of HOMA-R in normal-weight controls ranged up to 
2.74%. This cutoff was used as the upper limit of normal insulin sensitivity. According to this 
criterion, 13 controls were considered to be insulin resistant (32%) vs. 57 of 86 NAFLD cases 
(66%; P = 0.0005, Fisher's exact test). A significant correlation was observed between BMI and 
HOMA-R in controls (r = 0.334; P = 0.035), but not in NAFLD patients (r = 0.202; P = 0.062). 

Also, the two indices of insulin sensitivity derived by OGTT (ISI and SI) showed a significant 
resistance to insulin activity in the course of the glucose load in the NAFLD cohort when 
compared with control subjects. 

Ghrelin levels 

Ghrelin levels were reduced in NAFLD patients (226 ± 72 vs. 303 ± 123 pmol/liter in controls; P 
< 0.0001). Differences were maintained when levels were analyzed in relation to gender (mates, 
NAFLD, 224 ± 74 pmol/liter, controls, 279 ± 100 pmol/liter, P = 0.002; females, NAFLD, 247 ± 
35 pmol/liter, controls, 396 ± 164 pmol/liter, P = 0.035). Importantly, a gender effect was 
observed only in the control group (males vs. females, P = 0.014), whereas no statistically 
significant difference between males and females was observed in NAFLD. 
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When ghrelin levels were analyzed in relation to quartiles of BMI, in control subjects, ghrelin 
progressively decreased from 401 ± 130 (lower quartile; BM1 range, 19.2-25.9 kg/m 2 ) to 236 ± 
75 (upper quartile; BMI range, 30.2-35.2 kg/m 2 ; P - 0.003). In NAFLD patients, ghrelin levels 
were similar between subjects in the lower BMI quartile (242 ± 90 pmol/liter; BMI range, 20.9- 
24.6 kg/m 2 ) compared with subjects in the upper quartile (244 ± 72 pmol/liter; P = 0.926; BMI 
range, 29.0-37.9 kg/m 2 ) (Fig. 1®). A significant correlation between BMI and ghrelin 
concentrations was present in controls (r - -0.604; P < 0.0001), but not in NAFLD (r = -0.093; P 
= 0.397) (Fig. 2EB). 




fir** 5*cothJ Third Fourth 
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Fig. 1. Ghrelin concentrations (mean ± 2 se) in control 
subjects (D) and in NAFLD patients (■) in relation to 
quartiles of BMI. Significant differences are present in 
controls (P = 0.0043; Kruskal-Wallis test), but not in 
liver patients (P = 0.083). 
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Fig. 2. Ghrelin concentrations (mean ± 2 se) in control 
subjects (O) and in patients with NAFLD (■) in 
relation to quartiles of the HOMA-R index. Significant 
differences are present both in controls (P = 0.0009; 
Kruskal-Wallis test) and in liver patients (P = 0.0014). 



In relation to quartiles of HOMA-R, a progressive decrease of average ghrelin concentrations 
was observed in both groups (Fig. 2S), and the correlations between HOMA-R and ghrelin were 
both statistically significant (controls, r - -0.591 , P < 0.0001 ; NAFLD, r - -0.352, P = 0.0008), 
although the two regression lines were considerably different, both in the intercept and in the 
slope (Fig. 3E). 



Fig. 3. Correlation between insulin resistance 
(HOMA-R) and ghrelin concentrations in control 
subjects (O, dotted line) and in patients with NAFLD 
(•, continuous line). The r coefficients of correlation 
and P values are separately reported for the whole 
group (n = 126), for control subjects (n = 40), and for 
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Less significant correlations were observed between ghrelin levels and other indices of visceral 
adiposity (waist circumference and WHR), as well as with indices of insulin sensitivity derived 
from OGTT (ISI and SI). In NAFLD patients, ghrelin failed to correlate with liver function tests 
(albumin and prothrombin time), as well as with liver cell necrosis (ALT, r = 0.033, P = 0.766). 

Factors associated with ghrelin concentrations were further tested by logistic regression analysis 
(Table 3®). Ghrelin concentrations below the median of 235 pmol/liter were associated with 
several laboratory and anthropometric indices at univariate analysis. The association of low 
ghrelin with both insulin and insulin resistance was maintained after adjustment for BMI, either 
in the whole population or in NAFLD patients (not reported in details). 

View this table: TABLE 3. Factors associated with low ghrelin concentrations (<235 
[in this window] pmol/liter) at univariate and multivariate analysis 
[in a new window] 

After adjustment for age and sex, a HOMA-R indicative of insulin resistance (>2.74%) was the 
sole factor associated with low ghrelin concentrations at multivariate analysis in the whole 
population (Table 3®), as well as separately in control subjects [odds ratio (OR), 18.90; 95% 
confidence interval, 3.52-1 01 .48; P = 0.0006] and in NAFLD patients (OR, 2.96; 95% 
confidence interval, 1.12-7.79; P = 0.028). BMI did not enter the regression, and when data 
were adjusted for BMI, the effects of HOMA-R on ghrelin levels did not change (all cases, 5.58, 
2.50-12.43, P < 0.0001; controls, 16.68, 2.80-99.28,P « 0.002; NAFLD, 2.83, 1.07-7.52, P = 
0.037). 

In the model in which data were further adjusted for waist circumference, in addition to age and 
gender, HOMA-R was similarly the sole factor significantly associated with low ghrelin, both in 
the whole population (OR, 6.00; 95% confidence interval, 2.42-12.96; P < 0.0001) and in 
NAFLD patients (2.92; 95% confidence interval, 1 .08-7.85; P = 0.034). 

NAFLD patients submitted to liver biopsy were not different from subjects who had not had a 
liver biopsy in the parameters presented in Table 2®. In particular, BMI was 27.3 ±3.3 kg/m 2 in 
patients who had and 26.5 ± 2.8 kg/m 2 in patients who had not had a liver biopsy (P = 0.375), 




fatty liver patients (n = 86). 
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and HOMA-R was 3.89 ± 1 .83 and 3.68 ± 2.14%, respectively (P = 0.673). Also, ALT values 
were similar (biopsy positive, 84 ± 38 U /liter; biopsy negative, 73 ± 39 U/liter; P = 0.294). 
Ghrelin levels were also similar (234 ± 78 and 224 ± 71 pmol/liter; P = 0.606), and they did not 
differ in relation to the severity of fat deposition, fibrosis, and necroinflammatory activity. In 
particular, ghrelin was not different when patients were classified according to the 
presence/absence of NASH (pure fatty liver, 220 ± 88 pmol/liter; NASH, 226 ± 69 pmol/liter; P 
= 0.781). 

► Discussion 



Our data clearly show that ghrelin levels are reduced in NAFLD 
patients, after correction for sex, age, and BMI. Therefore, NAFLD 
may be included in the growing group of pathological conditions 
characterized by low ghrelin concentrations. The most likely reason for 
low fasting ghrelin is insulin resistance, which strictly correlates with 
ghrelin levels both when the two cohorts were examined together, and separately in NAFLD 
patients and in control subjects. 

NAFLD is significantly associated with the metabolic syndroms (8). Although' most patients are 
overweight or obese, 1 0-20% of cases have a BMI within normal limits. This condition 
represents a suitable model to study the relationship of insulin sensitivity and ghrelin, dissecting 
the putative effects of BMI on circulating ghrelin. 

Our data are derived from a large cohort of NAFLD subjects, in whom insulin resistance, 
measured by the HOMA technique, was nearly the rule. The control group was carefully 
matched to account for potential confounders. Also, gender was considered, because a recent 
study demonstrated that ghrelin secretion is sexually dimorphic (18). Interestingly, our data 
showed that the gender effect is lost in NAFLD. Sex hormones may play an important role on 
ghrelin circulatory pattern (6, 19, 20), and estrogen therapy is a well-known cause of secondary 
NAFLD (21, 22). However, relative estrogen excess, as reported in advanced liver diseases, is 
unlikely in these subjects with normal liver function, and the result may simply stem from the 
low number of female patients causing type II statistical error. 

To exclude differences related to BMI, our control population also included a few overweight or 
obese subjects with HOMA-R values in the range of insulin resistance as well. For this reason, 
ghrelin levels were analyzed in relation to quartiles of BMI and of insulin resistance, 
respectively. Similarly to data reported in other studies (23, 24), BMI played an important role 
on fasting ghrelin concentrations only in normal subjects. 

( 

By contrast, when data were analyzed in relation to quartiles of HOMA-R, the correlation 
between HOMA-R and ghrelin observed in controls was maintained in NAFLD, and HOMA-R 
was the sole factor predicting low ghrelin concentration in both groups at multivariate analysis. 

The HOMA method for the measurement of insulin resistance has been extensively applied to 
epidemiological investigations. The figure of insulin resistance obtained with this method has a 
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relatively low reproducibility, which reflects day-to-day variability in fasting glucose and 
insulin, as well as analytical uncertainty. This is mainly the case for insulin levels, and a change 
of 1 |iU/ml insulin may determine a change of up to 20% HOMA-R. Despite this, the method 
proved to correlate closely with quantitative, functional tests such as the glucose clamp 
technique (25, 26). In nondiabetic subjects, insulin concentrations account for the larger part of 
HOMA-R. This explains why insulin per se was also closely associated with ghrelin. However, 
in logistic regression, HOMA-R was mathematically preferred to insulin, suggesting that insulin 
resistance rather that insulin concentrations may regulate ghrelin secretion. 

Low ghrelin levels are observed in several pathological conditions characterized by insulin 
resistance, such as moderate to severe obesity (2), polycystic ovary syndrome (6), acromegaly 
(27), and primary or secondary hypogonadisms (20), but the reason(s) for such relations are 
unclear. Ghrelin stimulates food intake (28), and reduced levels might be Ideologically aimed at 
preventing the increase in body mass. This conclusion holds in controls, but not in NAFLD 
patients, in whom ghrelin is relatively independent of BMI. There is no consensus as to the exact 
relationship between ghrelin and insulin. Ghrelin was reported to stimulate (29) as well as to 
inhibit insulin secretion (30); in turn, hyperinsulinemia, either induced by a single bolus or 
during a clamp, produces conflicting effects on ghrelin concentrations. In vitro animal studies 
(31) and human studies during insulin infusion (5, 32) support the role of insulin as a 
secretagogue of ghrelin, but this effect was not confirmed in similar experiments in humans {33, 
34). In our study, ghrelin was inversely related to insulin, but HOMA-R values were the most 
significant predictor of low ghrelin concentrations. Accordingly, ghrelin secretion might be 
under the control of insulin or, more likely, under the control of insulin resistance, via undefined 
circulating factors. 

Insulin resistance was also tested by means of OGTT-derived indices. Although an overall 
correlation was observed in controls, this relation was lost in NAFLD. The figure of insulin 
resistance derived from ISI and SI is largely dependent on the dynamic response of glucose and 
insulin to the glucose load, which is not necessarily related to fasting values. This is mainly the 
case of NAFLD patients, who had a larger prevalence of glucose intolerance. The assessment of 
ghrelin response to oral glucose in NAFLD would be needed to compare the dynamic responses 
of ghrelin and insulin to glucose ingestion, and to assess the role of postload insulin resistance. 

In search of other potential factors responsible for low ghrelin levels, we correlated hormonal 
levels with liver function parameters, with negative results. Only one study has been published 
so far on ghrelin levels in patients with liver disease. Tacke et ah (24) reported normal ghrelin 
levels in noncirrhotic patients and slightly elevated concentrations in cirrhosis. In their series of 
patients with advanced disease evaluated for liver transplantation, ghrelin was only related to the 
clinical severity of disease. This correlation, however, might also be spurious, and generated by 
the anorexia and decreased food intake of advanced disease. In our NAFLD cases, liver function 
was normal, and all subjects were on a controlled dietary regimen. Their BMI was similar to 
controls, and also excessive food intake cannot account for hormonal changes. 

In conclusion, the study of NAFLD patients, in whom insulin resistance is relatively independent 
of obesity, strongly supports a primary role of insulin resistance per se on fasting ghrelin 



http://jcem.endojoumals.org/cgi/content/full/88/12/5674 



7/30/2007 



jL,U W VJIU C J JJi V„ UJJV^JJU auuJJO Hi i \ vjjiai^uijv,»j iv, i an v i^ivgi jLVi^v^ciov rvi v. ixuiaiuu iiiouii... a agw ivy v./x i ^ 



concentrations. This confirms the importance of decreased insulin sensitivity on the multiple 
metabolic abnormalities of patients with NAFLD. 

► Footnotes 

This work was supported by a grant from Fondazione Cassa di Risparmio (Bologna, Italy) and 
by research grants from University of Bologna (Fondi Ricerca lstituzionale, 2002, COFIN). 

Abbreviations: ALT, Alanine transaminase; BML body mass index; HDL, high-density 
lipoprotein; HOMA, homeostasis model assessment; I SI, insulin sensitivity index; NAFLD, 
nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; OGTT, oral glucose 
tolerance test; OR, odds ratio; SI, sensitivity index; WHR, waist-to-hip ratio. 
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